Human cellular DNA contains two distinguishable families of retroviral related sequences. One family shares extensive nucleotide sequence homology with infectious mammalian type C retroviral genomes (T. I. Bonner, C. O'Connell, and M. Cohen, Proc. Natl. Acad. Sci. USA 79: [4709][4710][4711][4712][4713] 1982; M. A. Martin, T. Bryan, S. Rasheed, and A. S. Khan, Proc. Nati. Acad. Sci. USA 78:48924896, 1981 (8, 18, 21, 27) . Certain inbred strains of mice with a high incidence of leukemia (AKR strain) or mammary tumors (GR strain) contain endogenous proviral genomes which are responsible for the production of highly infectious retroviruses (23, 28, 30 (4, 5, 20) . There are 50 and 1,000 copies, respectively, of the HLM-2 pol-and the LTR-related se-* Corresponding author. quences in human cellular DNA (T. M. Horn, M. Gonda, and R. Callahan, manuscript in preparation). Although expression of endogenous human type C proviral genomes has been detected in normal and tumor tissues (26), the role which they or the HLM-2 proviral genomes play in the etiology of human neoplasia is unknown.
Retroviruses appear to have had an intimate association with avian and mammalian species throughout much of their evolution. The occasional infection of germ cells or earlydeveloping embryos in utero has resulted in the accumulation of endogenous proviral genomes which are transmitted as stable Mendelian genes (8) . Most mammalian species contain from several hundred to thousands of copies of endogenous proviral genomes (8, 18, 21, 27) . Certain inbred strains of mice with a high incidence of leukemia (AKR strain) or mammary tumors (GR strain) contain endogenous proviral genomes which are responsible for the production of highly infectious retroviruses (23, 28, 30) . Depending on the site of integration, endogenous proviral genomes can influence the expression of cellular genes either by altering their normal transcriptional control or by physically disrupting the genes. The dilute coat color and recessive, lethal, collagen I gene mutations in certain inbred mouse strains represent examples of this phenomenon (3, 17) .
The use of low-stringency blot hybridization has recently permitted the detection of sequences related to infectious murine and primate retroviral genomes in human cellular DNA. These endogenous proviral genomes can be separated into two groups (7): (i) proviral genomes which share extensive nucleotide sequence homology with mammalian type C retroviral genomes (2, 19, 29) and (ii) a novel class of proviral genomes which represents a mosaic of sequences characteristic of different infectious retroviral genera (5 (4, 5, 20) . There are 50 and 1,000 copies, respectively, of the HLM-2 pol-and the LTR-related se-* Corresponding author. quences in human cellular DNA (T. M. Horn, M. Gonda, and R. Callahan, manuscript in preparation). Although expression of endogenous human type C proviral genomes has been detected in normal and tumor tissues (26) , the role which they or the HLM-2 proviral genomes play in the etiology of human neoplasia is unknown.
In humans, certain cancers occur in family clusters, which implies a genetic predisposition to the development of disease in these individuals (1, 14) . Similarly, there are several hereditary illnesses which appear to be linked to defective cellular genes (22 
0 restriction fragments ranging in sizes from 2 to 25 kbp in E PPR V V R R P EcoRI-restricted human DNA ( Fig. 2A, lanes 1, 9, and 11) .
A DNAs digested with XbaI yielded a pattern of 11 restriction fragments, with the major fragment of 24 kbp (Fig. 2B, lane  1) . Analysis of DNAs from several hybrids suggests that most of the restriction fragments occur on a number of B _ different chromosomes (Fig. 2) (Fig. 3, lanes 1, 5, and 8) Fig. 1 by using unique host flanking restriction fragments (probes C and D, Fig. 1 ). The same blot used with probe B was dehybridized by two washes in 0.4 M NaOH for 20 min at room temperature and neutralized in 0.2 M Tris (pH 7.5)-0.1 x SSC-0.5% sodium dodecyl sulfate before the next hybridization cycle (Fig. 3B ) with a mixture of probes C and D. The concordance of segregation of restriction fragments related to these probes with specific human chromosomes is shown in Table 1 . The proviral genomes in HLM-2 and HLM-25 cosegregate with human chromosomes 1 and 5, respectively. To confirm the presence of chromosomes 1 and 5 in the hybrids, filters were also hybridized in series to probes for the human ot-spectrin gene (15) and the GM-CSF gene (Huebner et al., in press).
Our results indicate that, at a minimum, HLM-2 pol gene-related sequences are located on human chromosomes 1, 5, 7, 8, 11, 14, and 17. The HLM-2 LTR-related sequences appear to be distributed throughout the human cellular genome. In similar studies, endogenous proviral genomes related to infectious mammalian type C retrovirus were found on chromosomes 7 and 18 (24, 25) . Human chromosomes 1, 8, 11, and 14 frequently either are altered by deletion or are participants in translocations (32) . Many of these genetic alterations appear to be specific for different neoplasias. The LTR element of endogenous proviral genomes contains transcription start signals as well as sequences capable of enhancing the transcription of adjacent cellular genes (31) . It seems possible that endogenous proviral genomes could contribute to tumor development by altering the expression of cellular proto-oncogenes brought into close proximity by chromosomal deletion or translocation events. Alternatively, some of the human proviral genomes may act as transposable insertional mutagens. Such an event seems to have occurred in the activation of the c-mos proto-oncogene in mouse plasmacytomas by a retroviral-like intracisternal A-particle genome (6) . Moreover, the high frequency of solitary LTR elements throughout the cellular genome makes it tempting to speculate that they, too, may be associated with some hereditary illnesses or neoplasia. The study reported here provides a starting point for the further exploration of the potential role of endogenous retroviral genomes in human disease.
